temperature caused by different anesthetic agents and called attention to the different temperature gradients in the extremities of normal people. They suggested the use of general anesthesia as a means of selecting cases suitable .for sympathetic ganglionectomy, but concluded that it was not satisfactory. Sheard, Rynearson and Craig (9) have shown experimentally that in dogs under anesthesia by inhalation, generalized vasodilation occurred and that this was not influenced by operation on the sympathetic system. Also they showed that under general anesthesia the changes in the temperatures of intact and of sympathectomized extremities, with variations in environmental temperature, were similar.
Herrick, Essex and Baldes (5) , using a modification of the thermostromuhr method of Rein, have shown that following unilateral sympathetic ganglionectomy on dogs, the flow in the femoral arteries on the sympathectomized side was about twice as great as that on the intact side. There was no outstanding difference between the readings of the two sides when, following the operations, these animals were placed under ether anesthesia. Hence, it may be concluded that during surgical anesthesia by ether, there develops vasodilation of the vessels of the extremities as great as that following sympathetic ganglionectomy.
Thus, it would seem that during operations on the sympathetic nervous system under anesthesia by inhalation, there occurred certain physiologic changes which could be traced directly to the anesthetic, and which were not altered by removal of ganglia. By observing the changes in cutaneous temperature during operations under general anesthesia, certain important facts were obtained which we believe will prove of diagnostic and prognostic value in treating cases of peripheral vascular disease.
This study consisted of continuous observations of surface temperature of the extremities of subjects with Raynaud's disease and thrombo-angiitis obliterans during the course of thoracic and lumbar sympathetic ganglionectomy. Repeated readings of temperature were made preoperatively with the subjects at rest and with the room temperature at approximately 24°C. A portable electromotive thermometer, which is a modification of the ensemble described by Sheard (8) , was used throughout the investigations. The instrument used carried four thermocouples for application to the hands and feet. By means of a rotary switch, any thermocouple could be placed in the circuit and the temperature indicated by each of the thermocouples could be read quickly and accurately on the micro-ammeter calibrated in degrees Centigrade. The thermocouples were left in place during the entire course of the operation, so that graphic records were obtained of the changes in surface temperature of the extremities as influenced by anesthesia alone and by the interruption of the sympathetic innervation to the extremities. The operations were carried out under general anesthesia with nitrous oxide, oxygen and ether, or ethylene, oxygen and ether. Regardless of induction and maintenance with gas, oxygen, or ether administered by the drop method, the relative changes in the temperature curve were the same. Observations of the blood pressure and pulse were made during this period. For a control study, similar observations of changes of surface temperature were made on subjects during the course of operation for other conditions.
The rise in surface temperature of the extremities of an apparently normal subject is illustrated in Figure 1 and The marked similarity between the rise in surface temperature of the extremities in a subject with Raynaud's disease and that of the normal person is illustrated by Figure 2a . The same sharp rise in surface temperature occurred in all four extremities immediately after induction of anesthesia, and reached its maximum within twenty to twenty-five minutes. Practically no change was observed in the surface temperature of the extremities after this period. This is what one would expect in a case of Raynaud's disease, which is a primary vasospastic disturbance involving the vessels of the extremities. It is interesting to note that no change in the surface temperature of the lower extremities was observed following interruption of the sympathetic nerve supply. In other words, the maximal rise in surface temperature had occurred immediately following induction of the anesthesia, and severance of the sympathetic nerve supply caused no additional rise in surface temperature. This is of particular interest because it was formerly a clinical impression among certain workers that immediately following interruption of the sympathetic nerve supply to a given extremity, there was always a sharp rise of surface temperature and an increase in flow of blood in that extremity.
The that obtained following induction of general anesthesia. We have previously been of the opinion that similar temperature curves could be obtained. This, however, proved not to be true, for there was marked dissimilarity between the curves obtained following intravenous administration of typhoid vaccine and that following induction of general anesthesia (Figs. 2b, 3b, 4b, 5b and 6b ). This in part may be due to the fact that some subjects are either refractory to or react poorly to intravenous administration of typhoid vaccine. The maximal flow of blood to the extremities occurred following both procedures, but it occurred more quickly after general anesthesia than after intravenous administration of typhoid vaccine. With general anesthesia, fewer fluctuations were observed after the surface temperature had reached its maximum. It was also evident that the maximal flow of blood to the extremities following general anesthesia occurred within twenty or thirty minutes and was not increased after that time. The fluctuation in the curves of surface temperature following intravenous injection of typhoid vaccine is accounted for, in part at least, by the chill which so frequently develops. Brown originally used typhoid vaccine intravenously to determine what he designated "the vasomotor index." He and Adson (2, 3) used this method for selecting subjects with Raynaud's disease and thromboangiitis obliterans for sympathetic ganglionectomy. It has proved to be a satisfactory means of selecting cases for this surgical procedure. In addition, the intravenous administration of typhoid vaccine or "fever therapy" undoubtedly represents the most important medical method of treatment for these diseases. This is particularly true with reference to thrombo-angiitis obliterans.
Other methods for selecting cases for sympathetic ganglionectomy are spinal anesthesia, which is applicable only to the lower extremities, and paravertebral injection of procaine in the cervicothoracic region for the upper extremities. Oral administration of alcohol, intramuscular injec- tion of acetylcholine, application of heat, and many other procedures also have been used with varying degrees of success. The procedure of observing surface temperatures of the subject under anesthesia affords a satisfactory method for investigating the amount and extent of vasospastic disturbances particularly in the extremities of subjects with Raynaud's disease and thrombo-angiitis obliterans. If satisfactory rises in the surface temperature of the involved extremities are not observed after induction of anesthesia, it is evident that an additional rise will not develop after interruption of the sympathetic innervation. The same observations were made in investigating cases of vasospastic scleroderma and chronic infectious arthritis. Thermal changes under general anesthesia give valuable information from the prognostic standpoint in subjects with thrombo-angiitis obliterans. Accurate information can be obtained regarding the extent of the occlusive process in the extremities and the amount of superimposed vasospasm in the collateral circulation. With the history of the case, the physical examination, and the information derived from such a study, the prognosis in a given case can be estimated fairly adequately.
SUMMARY AND CONCLUSIONS
Continuous observations of surface temperature, before and during sympathetic ganglionectomy, were made on all four extremities of subjects with Raynaud's disease and thrombo-angiitis obliterans. An electromotive thermometer was used. The difference between these two diseases is well illustrated by this study. General anesthesia alone produced maximal vasodilation in Raynaud's disease and thrombo-angiitis obliterans. Severance of the sympathetic nerves did not cause additional vasodilation. In Raynaud's disease a prompt and uniform vasodilating response was observed in the peripheral vessels of all four extremities, but in thrombo-angiitis obliterans uniform response was absent because the occlusive process in the vessels of all four extremities is never the same in thrombo-angiitis obliterans.
The graphic records made with anesthesia at the time of operation serve as a check on preoperative studies, carried out with other vasodilating agents. If satisfactory rises in the surface temperature of the involved extremities are not observed after induction of general anesthesia, it is evident that an additional rise will not develop after interruption of the sympathetic innervation.
General anesthesia constitutes a satisfactory method for investigating thermal changes in cases of thrombo-angiitis obliterans, Raynaud's disease, vasospastic scleroderma, and arthritis, prior to and during sympathetic ganglionectomy. Valuable information may be obtained regarding the amount and extent of vasospasm in the vessels of the extremities, particularly in the collateral circulation of subjects with thromboangiitis obliterans, and the method gives accurate information regarding the degree of occlusive process in this group of cases. Vessels of patients who are refractory to, or react poorly to, other vasodilating agents will usually undergo maximal vasodilation when general anesthesia is ad- 
